grains separated from igneous rocks was measured by a ballistic method in a weak magnetic field.
The thermal change of susceptibility was classified into four types. These types were discussed in connection with the condition under which the original rock was formed.
The dependency of the Curie-point and the magnitude of the susceptibility upon the chemical constitution was examined, the content of TiO2 in ferromagnetic mineral being especially taken into account.
Besides, the relation between the magnitude of susceptibility and the grain size was obtained from the viewpoint of the magnetic property of small particles.
Introduction
The magnetic properties of igneons rocks have been examined fairly in detail by a number of investigators (1), (2) , (3), (4), (a), (G), especially in connection with the local geomagnetic anomalies and their changes. The magnetic properties of rocks, however, are due to those of ferromagnetic minerals contained in them, the other minerals scarcely contributing to the magnetism of rocks. In other words, the magnetism of rocks is composed of the ensemble of magnetization of small grains of rockforming ferromagnetic minerals. So that the fundamental problem in rock-magnetism will be the general description of rock-forming ferromagnetic minerals from the physical standpoint in reference to their chemical and mineralogical characteristics.
In the present study, the change with the temperature in magnetic susceptibility of rock-forming ferromagnetic minerals, which were separated from various kinds of mother igneous rocks, was measured, and the results were analysed in relation to the chemical composition, grain size and mineralogical characteristics of these grains of minerals. The aims of the present study are chiefly the following two.
(I) The natural ferromagnetic minerals contained in igneous rocks are generally of chemical constitution different from a pure stoicheometric magnetite. It will be significant, therefore, to find the relations of the Curie-point and the magnitude of susceptibility to the chemical composition.
(2) On the other hand, it has been expected that the dimensions of grains play an important role upon the magnetic properties such as initial permeability and coercive force. (7) Since the grain sizes of those specimens which were dealt with in the present study range over somee extent, the relation between the initial susceptibitity and the grain size was also examined.
Specimens
The specimens examined here are 15 in total and each of them is the magnetite grains, petrologically so-called for the sake of simplicity, separated by an electromagnetic separator from original igneous rocks which were collected from volcanic localities in Kwanto District of Japan. The mean diameters of 50 grains of each sample were measured by means of a microscope. The result shows that the grain sizes vary from about 30,u to 400c, the discrepancy depending on either they appear as phenocrysts or as microcrystals in groundmass in the original rocks. Their grain sizes. states of appearance in rocks and localities are shown in Table 1 together with the chemical constitutions which were analysed by I. Iwasaki and his colaborator.
As will be assumed from the date of the chemical composition shown in Table 1 This value was calculated as 100% in total.
this No. 10 and No. 11 specimens are the magnetitegrains in those rocks, the character of which lies between the above two cases.
Apparatus
The apparatus for measuring the thermal change of the magnetic susceptibility of ferromagnetic mineral grains in a weak field is the same in its principle as that used in the previous studies upon igueous rock samples. (3), (4), (6) i.e. the maguetization of specimen was measured, by a ballistic method, at any temperature in a weak magnetic field a few times as much as that of geomagnetic field.
The test specimens were packed into a silica tube 3mm in inner diameter and 10cm in length.
In the case of measuring the magnetization of the ferromagnetic minerals, the demagnetizing field is practically negligible in comparison with the applied magnetic field. The electric f urnrce is a non-inductive and non-magnetic vacuum furnace, the air pressure in the furnace being always kept less than lmm of mercury.
The Susceptibility-Temperature Curves
The specimens were heated up to about 650C in a vacuum furnace and then cooled down to the room temperature at the rate of 200C/hour. During these processes, the change in specific magnetic susceptibility, x, with temperature, T, was measured at every 20C by means of the above mentioned apparatus in a weak field.
The applied magnetic field in these experiments is 1.35 Oe in most cases except a few examples.
The results of these measurements are illustrated in Fig. 1 . As will be seen in this figure, the mode of thermal change of susceptibility of ferromagnetic minerals is similar so much to the previous results in the cases of the igneous rocks. It seems that there are four types of the mode of the thermal change of susceptibility. The first type is that the magnitude of susceptibility has a fairly large value and in heating It seems that the correspondence mentioned above can be physically explained by taking into consideration the characteristics of the Curie-point and the magnitude of susceptibility of these mineral grains dealt with in the forthcoming paragraphs.
The Curie-points
The Curie-point, &a, of the specimens was defined to be the temperature at which ferromagnetism disappears apparently in the x-T curve.
As for the specimens of the irreversible type, there are two Curie-points, Oai, and oat, corresponding to the heating and cooling curves respectively, where Oai is always higher than a2 in the present case. The values of the Curie-points thus determined are tabulated in The typical each two specimens among the two groups of the specimens of "reversible"
and "irreversible" types were chemically separated into ferric and ferrous oxides and titan oxide. They are No. 1 and No. 13 in the "reversible" type specimens, and No. 11 and No. 14 in the "irreversible" type ones, the contents of FeO, Fe203 and Ti02 in them being given in Table 1 . In the two typical specimens of the "reversible" type, these three kinds of metalic oxides can be interpreted to compose FeO. Fe203 (magnetite) and FeO. Ti02 (ilmenite) with very little excess. On the other hand, those of the two specimens of the "irreversible" type show a fair amount of FeO as an excess in the above-mentioned calculation of Norm of magnetite and ilmenite.
It may be assumed that, the ferromagnetism of the "reversible" type specimens is practically that of magnetite alone, because the magnetism of ilmenite, which may simply be mixed with magnetite in this case, is far feebler compared with that of magnetite, tht Curie-point being kept around 580C regardless of the content of ilmenite. Now, the observed magnitude of x of the fifteen specimens is plotted against the corresponding grain size in Fig. 6 . It is obvious in this figure that the decreases of x with the decrease of grain size is more rapid than that expected from the result given by Fig. 5 . This fact will suggest that there is some other effect controlling the magnitude of susceptibility, which may be attributed to the content of TiO2. It may be approximately assumed that the magnetic susceptibility, x, of the ferrites of grain size, s, can be expressed by x-xo g(s) where g(s) is the size factor, varying only with the size of grain, while xo denotes the susceptibility of the material having a standard dimension. The functional form of g(s) is given by the curve shown in Fig. 5 . Then, the observed magnitude of x was normalized by means of the above relation with respect to the grain size, where the standard dimension was taken to be 410a in diameter i.e. the mean diameter of
